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The effect of social rejection on cardiac and brain responses was examined in a study in which participants had to decide on the basis of pictures of
virtual peers whether these peers would like them or not. Physiological and behavioral responses to expected and unexpected acceptance and rejection
were compared. It was found that participants expected that about 50% of the virtual judges gave them a positive judgment. Cardiac deceleration was
strongest for unexpected social rejection. In contrast, the brain response was strongest to expected acceptance and was characterized by a positive
deflection peaking around 325ms following stimulus onset and the observed difference was maximal at fronto-central positions. The cardiac and electro-
cortical responses were not related. It is hypothesized that these differential response patterns might be related to earlier described differential
involvement of the dorsal and ventral portion of the anterior cingulate cortex.
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INTRODUCTION
Human beings have strong social needs and one of these primary needs
is the need to belong (Baumeister and Leary, 1995). People feel com-
fortable in the presence of close others and feel distressed when they
are rejected by them. Social rejection and social exclusion have been
studied with various paradigms and considerable knowledge has been
acquired about consequences for well-being and the possible role in the
development of psychiatric diseases, like for instance, major depression
(Davey et al., 2008). More recently, research has focused on the neural
basis of social rejection and exclusion by using functional magnetic
resonance imaging (fMRI; e.g. Eisenberger et al., 2003; Crowley et al.,
2009; Gutz et al., 2011).
In a recent fMRI study (Somerville et al., 2006), a new paradigm was
introduced to measure the brain mechanisms involved in social rejec-
tion. In this task participants were shown pictures of unfamiliar faces
and were told that these people had previously seen a picture of the
participant and had formed a positive or negative first impression of
the participant. In the task, the participants had to determine whether
they thought that this unknown person had formed a positive or nega-
tive first impression of them. After this prediction, the participants
were confronted with the computer-generated ‘real’ answer, which
could be either positive or negative. In this way, four stimulus cate-
gories were created, representing either expected or unexpected accept-
ance (positive first impression) or rejection (negative first impression).
In this study, a clear dissociation was found between activation in the
ventral and the dorsal part of the anterior cingulate cortex (vACC vs
dACC). The vACC appeared to be more sensitive to the valence of the
actual judgment (positive vs negative first impression), whereas the
dACC was more sensitive to congruency (expected vs unexpected
first impression). In a cardiac study that used the same paradigm
(Gunther Moor et al., 2010), it was found that unexpected rejection
induced a transient cardiac deceleration. This cardiac deceleration is
similar to the cardiac deceleration found after negative feedback and
after violations of social rules, which has been related to motivationally
relevant violations of expectancy (e.g. van der Veen and Sahibdin,
2011). Gunther Moor et al. (2010) speculated that this cardiac response
might be related to activation in the dACC, which is also thought to be
involved in the representation and control of cardiac responses
(Critchley et al., 2003; Gianaros, Van Der Veen, and Jennings, 2004).
However, as far as we know, no event-related brain potential (ERP)
studies have been performed addressing the electrophysiological
correlates of social rejection.
In contrast to social rejection, social exclusion, a related but different
construct, has been studied using ERPs by employing the Cyberball
paradigm. The Cyberball paradigm is a virtual ball-toss game in
which participants can either be included or excluded from the game.
A first ERP study using the Cyberball paradigm found that the distress
caused by social exclusion was related to frontal slow wave activity
(580–900ms post-stimulus) and it was found that this slow wave was
more negative going for participants experiencing more distress and
more positive going for participants experiencing less distress
(Crowley et al., 2009). A second study (Gutz et al., 2011) using the
Cyberball paradigm found that exclusion was associated with an in-
crease in P3 amplitude. The P3 is a positive going ERP component
that is maximal between 300 and 800ms after stimulus onset. In their
study, Gutz et al. distinguished between a fronto-central P3a and a more
parietal P3b component. The P3a is thought to reflect a ‘stimulus-driven
frontal attention mechanism during task processing’ and the P3b is
thought to reflect ‘attention and appears related to subsequent
memory processing’ (Polich, 2007). In paradigms that have used feed-
back stimuli, which might be related to the exclusion events in the
Cyberball paradigm, it has been found that the P3 amplitude is larger
to feedback associated with larger, more important monetary incentives
and is larger for positive feedback (e.g. Van den Berg et al., 2012). Gutz
et al. found that the P3a amplitude was related to the affective processing
of the exclusion and P3b amplitude was related to its perceived intensity.
The main goal of this study was to examine the ERP associated with
social rejection in the paradigm developed by Somerville et al. (2006).
As no study examined social rejection using ERPs before, we hypothe-
sized that the effects of rejection on various ERP components are
comparable with those found in the ERP studies using the Cyberball
paradigm. Gutz et al. (2011) reported a larger P3 to acceptance trials in
a rejection block. Therefore, we expected larger P3 amplitudes for ac-
ceptance trials, and especially unexpected acceptance trials, which are
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more or less similar to the infrequent, unexpected acceptance trials in
the exclusion block of the Cyberball paradigm. A second goal was to
replicate the finding of a cardiac deceleration to unexpected rejection,
as was found in the study of Gunther Moor et al. (2010).
METHODS
Participants
Participants were 19 healthy, right-handed volunteers (mean age
21.6 years, s.d.¼ 2.0, 3 males) who had normal or corrected-to-
normal vision. The study was approved by the local medical ethics
committee. Participants provided written informed consent and
received a small fixed monetary reward (10 Euros) at the end of the
study. Participants were screened with a general health questionnaire.
Exclusion criteria were serious general health problems and neuro-
logical or psychiatric disorders in past or present.
Stimuli and procedure
The design of the experiment was based on the task developed by
Somerville et al. (2006) who used this task in an fMRI study, and
Gunther Moor et al. (2010) who used this task to examine cardiac
responses. A cover story was used in which participants were told
that they would participate in a larger ongoing study in which different
universities were involved and in which first impressions of people
were evaluated. In the first session, the participants were asked whether
their picture could be taken and could be sent to the collaborating
research group for judgment. Participants were told that their picture
was evaluated by a panel and that the evaluation was categorized in
terms of ‘like’ or ‘do not like’. The participants were, furthermore, told
that this evaluation combined with the picture of the panel members
would be sent back to the research laboratory in which the study was
performed and that these pictures and evaluations would be used in
the second session. The second session, which was held 1 week later,
consisted of the social rejection task combined with two unrelated
tasks, which will not be discussed in the present article. Participants
were told that they would see pictures of the panel members and that
they would have to say whether they thought that the panel members
would like them or not. In the task, first the face of the panel member
was presented with the question ‘Do you think this person likes you?’.
This screen was presented for 3 s and the participants had to push
either the left or right button of a response panel to indicate whether
they thought the panel member liked them (right button) or not (left
button). After this the same face was presented again, but now for 1 s
and with the given answer printed left of the picture of the panel
member. Finally, the same face was presented one more time, but
now for 2 s and with the expectation on the left side and the actual
evaluation printed on the right side of the screen. The faces of the
participants were not evaluated by existing persons but instead, a
fixed, computer-generated randomized sequence with 50% YES an-
swers and 50% NO answers was used. Faces of the evaluators were
taken from the AR face database (Martinez and Benavente, 1998).
Neutral facial expressions were used, separate faces were used only
once and an equal amount of male and female faces were used.
A total of 120 faces were presented in a single block, which lasted
about 10min. Participants did not receive information about the
percentage ‘like’ and ‘do not like’ evaluations they could expect.
Data acquisition
Electro-encephalography (EEG), electro-oculography (EOG) and
electro-cardiography (ECG) signals were amplified, sampled and
stored on a portable amplifier (Vitaport System, Temec Instruments
B.V., Kerkrade). EEG was derived from F3, Fz, F4, C3, Cz, C4 and Pz
according to the international 10–20 system (Sharbrough et al., 1991)
and signals were referred to physically connected mastoids. Vertical
EOG was derived from electrodes placed on the infraorbital and supra-
orbital regions on the left eye. EOG and EEG were sampled at 256Hz,
low-pass filtered at 30Hz and high-pass filtered with a time constant of
0.5Hz. Electrode impedance was kept <8 kOhm. The EEG signal was
locked to the onset of the stimulus showing both the expected evalu-
ation and the given evaluation and epochs were extracted between
100ms preceding and 700ms following the onset of this stimulus.
The epochs were corrected for vertical EOG artifacts by using an
often used correction method (Gratton et al., 1983). As a final
check, epochs were visually inspected and checked for artifacts and
epochs were excluded from analysis when necessary. ECG was recorded
from pre-cordial leads and sampled at 512Hz. R-peaks were detected
offline and the R-peak occurrence times were visually inspected for
artifacts and corrected when necessary. We followed the logic of
Gunther Moor et al. (2010) and selected seven inter-beat intervals
(IBIs) surrounding the evaluation stimulus were selected for further
analysis; i.e. two preceding IBIs (IBIs 2 and 1), the concurrent IBI
(i.e. IBI 0) and three subsequent IBIs (i.e. IBIs 1, 2, 3 and 4). Like in the
Gunther Moor study, IBI 0 to IBI 4 were referenced to the second IBI
preceding stimulus onset (IBI 2). Based on visual inspection of the
data that showed responses already returned to baseline after IBI 3
and preliminary statistical tests that failed to show a main effect of
sequential IBI, we decided to restrict the analysis to IBI 0 to IBI 3.
Statistical analysis
Behavioral, cardiac and electro-cortical measures were statistically
evaluated using SPSS 16 (SPSS Inc., Chicago, IL, USA). Analysis of
variance was performed using a general linear model (GLM) repeated-
measures design. After visual inspection of the grand average wave
forms (Figure 1), we could not detect a clear negative wave, which
was maximal for unexpected rejections (expected answer YES/given
answer NO; YN). We did, however, detect a broad positive wave,
which peaked around 325ms after stimulus onset and clearly differ-
entiated between the four stimulus categories and electrodes.
Therefore, we decided to compute an area measure separately for all
stimulus categories in the area between 275 and 375ms after evaluation
onset was chosen. The area measure was tested in a design with elec-
trode (three levels; Fz, Cz and Pz), expectation (two levels; Yes vs No)
and evaluation (two levels; Yes vs No). Stimulus-locked cardiac
responses were tested in a design with sequential IBI (four levels;
IBI0, IBI1, IBI2 and IBI3), expectation and evaluation as within-
subjects factors. Huynh-Feldt corrections of degrees of freedom were
applied whenever appropriate, but uncorrected degrees of freedom are
reported. Effects size is reported as partial eta squared (2).
RESULTS
Performance
A first global analysis showed that two participants performed the task
very differently as compared to the other participants and were labeled
as outliers in a box-plot analysis. Both participants expected that only a
very small percentage of people would like them (5% and 13%,
respectively), whereas the average percentage for the remaining 17
participants was 48%. We therefore decided to exclude these partici-
pants from further analysis. For the remaining participants we com-
puted a bias measure (number of expected to like ratings divided by
the total number of ratings), which can be seen as a measure of positive
(>0.5) or negative (<0.5) expectations. The average bias was
0.48 0.026 (minimum 0.32, maximum 0.67), which means that on
average expected about the same amount positive and negative ratings
(bias did not significantly differ from 0.5, P> 0.5).
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Event-related brain potentials
Based on the performance analysis in the previous section we decided
to only analyze the 17 participants with sufficient negative and positive
expectations. For both the cardiac and the ERP analysis the average
number of trials in the various categories was 33 (YY), 30 (NN), 28
(YN) and 27 (NY). Average wave-forms for all four stimulus categories
and for the three central electrode positions are shown in Figure 1. The
average amplitude in an interval between 275 and 375ms post-
judgment onset was computed for the four stimulus categories and
three central electrodes separately (Figure 2) and was tested in a design
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Fig. 1 Grand average ERPs for expected (No–No) and unexpected (Yes–No) rejections and expected (Yes–Yes) and unexpected (No–Yes) acceptance at mid-line electrodes (n¼ 17).
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with expectation, evaluation and electrode as within-subjects factors.
In this analysis we found a main effect of evaluation, F1,16¼ 6.7,
P<0.05, 2¼ 0.295, electrode, F1,16¼ 15.7, P< 0.0005, 2¼ 0.494 and
a three-way interaction between expectation, evaluation and electrode,
F2,32¼ 6.9, P< 0.05, 2¼ 0.300. Follow-up analyses showed that
YY stimuli elicited a more positive-going wave on Fz
(mean s.e.m.¼ 11.6 1.6 mVolt) and Cz (14.6 1.9) as compared
with YN (Fz: 8.1 1.7, t¼ 3.7, P<0.005; Cz: 11.8 1.8, t¼ 2.5,
P<0.05), NY (Fz: 8.2 1.2, t¼ 2.6, P<0.05; Cz: 11.5 1.4, t¼ 2.1,
P<0.05) and NN (Fz: 8.5 1.0, t¼ 2.9, P<0.05; Cz: 11.7 1.3,
t¼ 2.5, P<0.05) stimuli. This difference was not significant on Pz
(P-values >0.1) and differences between other stimulus categories
were also not significant (P-values >0.3).
Cardiac responses
Cardiac responses to the four different stimuli are shown in Figure 3
and were analyzed in a design with expectation, evaluation and sequen-
tial IBI as within-subjects factors. In this analysis we found an inter-
action between evaluation and sequential IBI, F3,48¼ 3.9, P< 0.05,
2¼ 0.196. Follow-up analyses showed that for IBI2, deceleration was
marginally larger for unexpected rejection (YN) as compared with
expected acceptance (YY; P¼ 0.05) and for IBI3 deceleration this dif-
ference was significantly larger (P< 0.05). All other comparisons did
not result in significant differences. For illustrative purposes, we com-
puted a deceleration measure for all stimulus categories separately by
computing the average deceleration on IBI1, IBI2 and IBI3 and sub-
tracting IBI0 from this average. This measure is shown in Figure 4.
Association cardiac and brain responses
The association between brain and cardiac responses was explored
by computing correlations between both measures. We computed
the correlation between average cardiac deceleration as shown in
Figure 4 (see ‘Cardiac responses’ section) and the amplitude in the
earlier mentioned interval on Fz for all categories separately. A total of
four correlations was computed and these analyses did not yield a
significant result (all P-values >0.2).
DISCUSSION
This study aimed at examining the ERP associated with social rejection
and replicating the finding of additional cardiac slowing to unexpected
social rejection. The present findings show that, as compared with the
other conditions, expected acceptance evoked a stronger positive wave
around 325ms post-stimulus onset. With respect to the cardiac results,
we found the expected stronger cardiac slowing following unexpected
rejection.
The finding that expected acceptance elicited a larger fronto-central
positive wave was not in line with our main hypothesis. We hypothe-
sized that especially ‘unexpected’ acceptance would elicit a larger P3
because these events could possibly elicit some kind of orienting
response due to the mismatch between expectancy and judgment.
Possibly, the social context and present form of the task prevented
the build-up of strong expectancies with respect to the negative
events. At first sight, the findings seem to be at odds with most theories
about impression formation which stress the importance of negative
information (e.g. Anderson, 1965). According to these theories, nega-
tive information is weighted more heavily than positive information,
and in this way it could be expected that unexpected negative events
would elicit a larger P3. However, this study did not directly examine
impression formation, but examined how participants judged the
impression formation process by virtual judges. In this process positive
information could be more salient, because it seems more important
that a complete stranger likes us than the other way around. In this way
the enhanced P3 effect for expected acceptance (YY trials) could be
explained by the fact that expected acceptance is linked with some kind
of social reward. Several studies using monetary rewards show that the
P3 is larger in response to positive outcomes (Hajcak et al., 2007;
Bellebaum et al., 2010; van den Berg et al., 2012). It can be hypothe-
sized that it is particularly rewarding for humans to learn that people
who you expect to like you indeed confirm that they like you. In this
way the P3 amplitude can be linked to the motivational relevance of
the stimulus as proposed by Nieuwenhuis et al. (2005a). The idea that
participants might have a bias toward wanting to see their predictions
for being ‘liked’ confirmed, could potentially have broad significance
for their lay theories of social interaction and who is/not likely to be
friendly to them. In this way the expected acceptance is the most
relevant stimulus. In the study of van den Berg et al. (2012), it was
shown for feedback stimuli in a time-estimation paradigm that more
relevant stimuli, that is, positive feedback associated with a monetary
reward, evoke a larger P3.
The enhanced P3 for expected acceptance is somewhat difficult to
relate to the findings with respect to social exclusion and inclusion in
the Cyberball paradigm. In this way the current findings point in the
direction of a clear distinction between social exclusion as measured in
the Cyberball paradigm and social rejection measured in this study.
Crowley et al. found that more distress during exclusion events was
associated with more negative going late waves on frontal electrodes.
They did, however, not directly compare expected and unexpected
events. Moreover, they did also not directly compare inclusion and
exclusion events. Gutz et al., on the other hand, directly examined
expectation and compared inclusion and exclusion events. They
found the largest P3a amplitude on events that can be seen as some-
what comparable with our unexpected acceptance (NY) trials. They
compared two conditions which differed in terms of the frequency of
ball possession. The condition in which the ball possession was lowest
was defined as the exclusion condition, and in this condition the
largest P3a amplitude was found on ball possession events that can
be seen as unexpected and inclusive. The P3a in their study was defined
as an area measure between 240 and 320ms after stimulus onset and in
this way overlaps with our area measure. Two important differences
between their study and our study make a direct comparison difficult.
First, inclusion in the Cyberball paradigm can be seen as the default
social rule, whereas the ‘like’ response in the social rejection (SR)
paradigm is not a standard social convention. Most people are used
to other people liking or disliking them and do not expect that all
people will like them on the basis of a first impression. Second, ex-
pectation differs between both paradigms. In the Cyberball game, ex-
pectation is based on the social rule and how the game is played by
others. In the SR task expectation results from individual bias and in
Fig. 2 Average ERP amplitude between 275 and 375 ms after evaluation onset at midline electrodes
(n¼ 17).
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this way the participants can regulate the amount of unexpected re-
jections, whereas in the Cyberball paradigm participants completely
depend on external factors. Unexpected acceptance in the Cyberball
paradigm is also less frequent and therefore attracts more attention
which is reflected in the oddball effect (enhanced P3). New studies
should examine the role of exact role of probability, control over ex-
pectancy and different social contexts defining social exclusion or re-
jection. Besides these differences in basic task characteristics, we would
like to stress that the most important difference between the Cyberball
paradigm and the task used in this study is, of course the studied
process itself. In the Cyberball paradigm participants are confronted
with exclusion events that violate implicit social rules. In this study,
participants are confronted with ‘do not like’ judgments by virtual
judges which can be labeled as a mild form of social rejection. Most
likely, there is some overlap in the experienced emotions in both para-
digms, but the underlying processes leading to these emotions clearly
differ. As is the case with many other social laboratory experiments, it
is doubtful whether the present ‘do not like’ judgments come close to
social rejection experienced in real life situations. For experiencing real
social rejection it is necessary that someone has had the opportunity to
form a more thorough impression and learn about another person and
then receive the negative ‘do not like’ judgment. For both practical and
ethical reasons, experiencing real social rejection is not possible in a
laboratory situation. Therefore, we think that the present form of
rejection is the closest we can get in an ethical experiment and in a
controlled laboratory environment.
The cardiac responses were in line with study of Gunther Moor et al.
(2010). Like in their study, we found a stronger deceleration to unex-
pected rejection. As can be seen in Figure 3, the response to unexpected
rejections differed from the responses to other stimuli, which shows
that only the combination of the negative outcome and the unexpected
outcome leads to this cardiac deceleration. Gunther Moor et al. argued
on the basis of their findings that the cardiac response to unexpected
rejection might be linked to activation of the dACC and is possibly
related to the role of the dACC as a neural alarm system that was
proposed by Eisenberger and Lieberman (2004).
The differential cardiac and electro-cortical response to the different
events in this task and the lack of correlation show that these responses
might reflect different processes involved in the evaluation of these
complex social stimuli. We speculate that this dissociation between
the ERP and HR results might be explained by the differential involve-
ment of the vACC and dACC in this task, as was shown by Somerville
et al. (2006). They showed that the dACC was especially active during a
violation of expectancy and the vACC was more active during positive
vs negative events. The role of the dACC in the detection of violation of
expectancy suggests a relation with the cardiac response, which was
also sensitive to such a violation of expectancy. A possible relation with
dACC activation is also in line with the suggestion of Gunther Moor
et al. (2010) who linked the cardiac response to the dACC. We specu-
late that the enhanced electro-cortical response to expected acceptance
might be more related to the vACC and reflects the positive valence of
this stimulus. Although we have no direct evidence to support this link,
there appears to be some indirect evidence in support of this hypoth-
esis. First, Gutz et al. (2011) found that P3a amplitude in their study
was related to the negative mood evoked by exclusion and hypothe-
sized that their P3a amplitudes reflected affective processing and P3b
amplitudes reflected the more cognitive aspects of the stimulus. As was
argued before, the positive wave found in the present study might be
similar to their P3a and, therefore, it could be argued that the ampli-
tude of the positive wave in this study might also reflect the affective
aspects of the stimulus. A well-known theory about the differential role
of the vACC and dACC states that the vACC is more strongly involved
in emotional aspects, whereas the dACC is more involved in cognitive
aspects of information processing (Bush et al., 2000). It should be
noted, however, that this strict dichotomy has been challenged by
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more recent reviews (e.g. Eisenberger and Lieberman, 2004; Shackman
et al., 2011). Eisenberger and Lieberman noted that ‘Intuitively, pain
studies should cluster within the rostral, affective division of the ACC,
but instead typically activate dACC’. Shackman et al. proposed the
‘adaptive control hypothesis’ which suggests that the dACC processes
affect properties, especially information with a negative value (punish-
ment, pain) to bias responding when the most adaptive course of
action is uncertain and therefore integrates emotion, pain and cogni-
tive control. Second, additional indirect evidence comes from an ear-
lier study that showed that the positive going waves to positive
feedback in the same latency range in a time estimation paradigm
might reflect vACC activation (Nieuwenhuis et al., 2005b). They
used the time estimation task in an fMRI experiment and an EEG
experiment and found that positive feedback in the fMRI experiment
was associated with additional activation in the vACC. Moreover, they
found in the EEG experiment that the more positive going wave to
positive feedback around 300ms post-stimulus could be modeled with
dipoles located in the vACC and the posterior cingulate cortex. Due to
conceptual similarities between positive feedback in their study and
expected acceptance in this study, it could be argued that vACC could
also be one of the underlying structures involved in evoking the posi-
tive going wave in this study. Third, a final piece of indirect evidence
comes from a source localization study, which showed that the low
gamma-band part of the P3a response can be localized in the vACC
(Lee et al., 2007). We would like to stress once more that the hypothe-
sized relation between our positive wave and the activation of the
vACC and the relation between the cardiac response and dACC acti-
vation needs to be supported by more direct evidence. Furthermore, if
the positive wave is related to valence and vACC activation, one would
also expect a larger response in the unexpected acceptance condition,
which was clearly not the case. It is possible that only in the case of
predicting that a person would like them the participants get really
involved in the SR task. Only in this special instance the acceptance
gives the pleasurable experience evoking the ERP response.
A somewhat unexpected finding was that participants expected
about the same percentage rejection as acceptance. This seems to be
at odds with previous research showing a person positivity effect or
Polyanna effect (Matlin and Stang, 1978). It might be the case that
participants in the present experiment changed their expectation
during the course of the experiment due to the given feedback. We
have tested this hypothesis by comparing the first 20 expectations with
the last 20 expectations, but these did not differ significantly (data not
shown). There was, however, a large amount of individual variation in
the change of expectation over the course of the experiment. This
variation might be related to different personality characteristics.
As was argued in the discussion with respect to the Cyberball para-
digm, people who expect to be rejected might feel rejected much earlier
in the task and adjust behavior accordingly. This leads to the predic-
tion that individuals with low self-esteem or high rejection sensitivity
may be particularly likely to feel rejected early in the task and might
show a different behavioral pattern and therefore a different pattern in
ERP responses. More research is clearly needed to further investigate
these interesting individual differences.
To summarize, this study replicated the findings of Gunther Moor
et al. (2010) by showing that unexpected rejection in the SR task gives
rise to additional cardiac slowing. Expected acceptance elicited a stron-
ger fronto-central positive going wave which is possibly related to
social reward. It was hypothesized that cardiac and electro-cortical
responses were possibly differentially related to activation of the
dorsal and the ventral part of the ACC. Future studies have to test
this hypothesis by combining imaging methods and relating measures
of brain activation and cardiac function to subjective measures and
individual differences.
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